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PATENT SPECIFICATION («> 1 487 842 

(21) Application No. 40536/74 (22) Filed 17 Sept. 1974 
(31 ) Convention Application No. 2 346 706 
0O (32) Filed 17 Sept. 1973 in 
£^ (33) Fed. Rep. of Germany (DT) 
OO (44) Complete Specification published '5 Oct. 1977 

(51) INT CL' C07C 177/00; A61K 31/19, 31/34; C07D 307/34//309/12 
tH (52) Index at acceptance 

C2C 1175 1470 1762 200 215 220 225 226 227 22Y 253 25Y 
302 30Y 351 353 360 362 364 366 367 368 36Y 389 
43X 490 507 509 50Y 623 624 625 628 633 634 638 
652 658 65X 662 668 672 678 790 79Y BT BW BX 
UF 

(54) PROSTENOIC ACIDS AND PROCESS FOR THEIR 
MANUFACTURE 

(71) We, HOECHST AKTIENGESELLSCHAFT a body corporate 
organ sed according to the laws of the Federal Republic of Germany of 6230 
Frankfurt (Main) 80, Postfach 80 03 20, Germany, do hereby declare the 
KSf for which we pray that a patent may be .granted 1 to .us and ^the jnetjod by 
5 which it is to be performed, to be particularly described in and by the following 

^The^resent invention relates to analogues of prostenoic acids and a process 

fOT ^rostariandms^e a group of natural substances which have been isolated 
Itom^SSfSSlffdJL In mammals they are responsible for a great number 
of physiological actions. The natural prostaglandins have a carbon skeleton 
containing in general, 20 carbon atoms and are distinguished above all, by a 
major o ^mino/content of hydroxyl groups or double bonds m the cyclopentan, 
ring (the structure and action of prostaglandins are described i.a in M . F 
Cuthbert "The Prostaglandins, Pharmacological and Therapeutic Advances . 
William Heinemann Medical Books Ltd., London (1973)). MMra i 
The present invention provides analogues of prostenoic acids of the general 

formula I 




C// z —C/-Y-W-X- COO ft 



(I) 



HO' 



R 1 and R J together represent an oxygen atom or one represents a hydrogen 
atom and the other represents a hydroxyl group; • 
U represents a (CH 2 ) m -group, m being 0 or an integer of from 1 to 5, an 



-group, 



wherein R 3 and R 4 , which may be identical or different, each represents a 
hydrogen atom or an alkyl group having up to 5 carbon atoms, or an 




R 3 R 4 



• group, 



10 



20 



25 



wherein R 5 and R 4 are as defined above; 
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V represents a direct bond, an oxygen atom or a radical of the formula 



wherein R 3 and R 6 , which may be identical or different, each represents a 
hydrogen atom or an alkyl group having up to 5 carbon atoms, 
W represents a direct bond or a radical of the formula 



wherein R 5 and R 6 , which may be identical or different, each represents a 
hydrogen atom or an alkyl group having up to 5 carbon atoms; 

X represents a (CH 2 ) m -group, where m is 0 or an integer of from 1 to 5: subject 
10 to the following provisos: jq 

(i) when U represents a (CH 2 ) m group, V, W and X together do not represent a 
straight-chain alkylene group, an alkylene group in which the carbon atom 
adjacent to the carboxyl group (position 2) is substituted by one alkyl group, or an 
alkylene group in which the carbon atom in position 3 is substituted by two alkyl 
15 groups, 15 

(n) when U represents a (CH 2 ) m group and V and W both represent direct 
bonds, X does not represent a (CH 2 ) m group in which m is 0, 

(iii) when U represents a (CH 2 ) m group and V represents an oxygen atom, W 
and X together do not represent a methylene group, or a trimethylene group which 

20 may be substituted by one alkyl group, and 

(iv) when U represents the group 






20 



in which R 3 and R 4 both represent hydrogen atoms, V, W and X together do not 
represent an alkylene group having up to 10 carbon atoms with 1 to 5 carbon atoms 
25 in the chain between the carboxyl group and the 25 



group. 

The invention further provides the salts of these compounds with inorganic or 
organic bases, especially the physiologically tolerable salts. 
These prostanoic acid analogues do not occur naturally. 
30 U preferably represents a polymethylene chain having up to 3 methylene 30 

groups. Of the other radicals mentioned for U those in which R 3 or R 4 each 
represents an alkyl radical having up to 3 carbon atoms are preferred. The 
members V, W and X preferably together form a branched alkylene radical having 
up to 10 carbon atoms, an oxa-branched alkylene radical having up to 9 carbon 
35 atoms, or an oxa-straight chain alkylene radical having up to 6 carbon atoms. If V 35 

represents a phenylene or phenoxy radical, the group — W — X — COOH may be in 
the 0-, m- or /?-position. 

The invention further provides a process for the manufacture of a compound 
of the general formula I, which comprises 
40 a) reacting an alkali metal alkoxide with a compound of the general formula II 40 

C// z -t/- V-IY-X- CO-,/? 6 

C^jr 2 til) 
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wherein U, V, W and X are defined as above and 

R 7 represents an alkyl group having up to 5 carbon atoms, 
ds represents an alkvl group having up to 5 carbon atoms, 
R 9 SS an unsubstituted or Substituted alkyl group having up to 20 

carbon oKjSal or a cycloalkyl radical having from 5 to 8 carbon 

SSTwteSi a C&up may be replaced by an oxygen atom, and subjecting 

the reaction product of the general formula III 

o 

I K^^CsHji (III) 

-u a „oic pi n«anfiR»andU V Wand X are defined as in the formula 
compound of the general formula la 



(la) 



wherein U V, W and X are defined as above, or a salt thereof with an inorganic 

^ ra»«^a c2^ ; ^^fon»la I- with a complex metal 
hydride to give a compound of the general formula lb 

OH 




HO''' 



wherein the 9-hydroxy group may be in the a- or ^configuration, and U V, W and 
X are defined as above, and, if desired, . f 

c) converting a resulting salt into the free acids or a resulting salt into the free 

SuS compounds of the formula II are described and claimed, for example, 
in our c^^endfng Application No. 27142/74 Serial No. 1,466,298 and may be 
obtained according to the methods described therein. r wm „i a 

This process comprises reacting, for example a compound of the formula Ha 




CO?/?? 

OJ? 9 



wherein R 7 and R' are defined as in the formula II, in an aprotic solvent in the 
presence of a base with a halogen carboxylic acid ester of the formula lib 

Hal— CH 2 — U— V— W— X— C0 2 R B Hb 

wherein U V W, X and R 8 are defined as in the formula II. The reaction is 
Tdvan ageousl'v carried out at a temperature ranging from room temperature to 
140°C under a y n ine rt atmosphere. Suitable aprotic solvents are benzene, toluene 
or xylene As the base, there is preferably used anhydrous sodium ethoxide or 
potassium tertiary butoxide. 
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The compounds of the formula Ila can be obtained according to the Belgian 
Patent Specification No. 766,521. 

Step (a) of the process is a retro-Dieckmann-condensation, and is preferably s 
carried out in the presence of from 1 to 1.5 moles of an alkali metal alkoxide in an 
5 alcohol (cf. Belgian Patent Specification No. 766,521) at a temperature from room 5 

temperature to 150°C for 1 to 16 hours under an atmosphere of an inert gas. The 
reaction product of the general formula III is subjected, generally after the usual 
working up procedure and sometimes after further purification by 
chromatography to alkaline hydrolysis, decarboxylation, and then removal of the 
10 protective group from the 15-position in the presence of an acid catalyst (cf. also 10 

Belgian Patent Specification No. 766,521). 

A compound of the formula III is preferably prepared as follows: 

A compound of the general formula II (obtainable according to our co- 
pending Application No. 27142/74 Serial No. 1,466,298) is dissolved in an 
15 anhydrous solution of 1 to 1.5 moles of an alkali metal alkoxide in an alcohol, 15 

preferably sodium ethoxide in ethyl alcohol, and this solution is stirred with the 
exclusion of oxygen and moisture for 1 and 16 hours at a temperature of from 20 to 
150°C. The reaction time and the reaction temperature depend on the reactivity of 
the compound of formula II used. Generally the reaction is carried out at a 
20 temperature of from 50 to 90°C for 2 to 6 hours. The reaction may be stopped by 20 

heating in benzene or a xylene solution to a temperature of up to 150°C. 
Acidification is then carried out under careful conditions, advantageously using an 
acidic salt of a poly-basic acid and then the product is worked up in usual manner. 
The resulting compound of the generaJ formula III may be purified by 
25 chromatography on silica gel. ~ 25 

It is, however, advantageous to use the following procedure: the crude 
compound of the general formula III is hydrolysed directly with an alcoholic- 
aqueous solution of a base. The resulting solution is then acidified with a dilute 
acid, and the resulting dicarboxylic acid is isolated from the aqueous solution by 
30 extraction with an organic liquid. The dicarboxylic acid is then decarboxylated by 30 

heating for 1 to 4 hours at 80° to 1 10°C. in benzene or toluene in the manner usual 
for /J-ketoacids. R 9 , the protective group of the alcohol function in the 15-position is 
then preferably split off by hydrolysis with an aqueous solution of an organic acid, 
for example, 70% aqueous acetic acid or 2% aqueous-alcoholic oxalic acid. 
35 The resulting crude compoi id of the general formula la may be purified by 35 

chromatography, for example, by applying a solution of the compound in a cyclo- 
hexane/ethyl acetate mixture to a column of silica gel and eluting the compound 
using the same cyclohexane/ethyl acetate mixture to which acetic acid has been 
added. Such compounds are racemates and can be used as such. However, it is 
40 also possible to separate a compound of the general formula la into its optical 40 

antipodes by the formation of salt with an optically active base. 

A compound of the formula la is reduced to a compound of the formula lb 
according to method b) by means of a complex metal hydride, advantageously with 
a metal borohydride, for example, zinc borohydride in an organic solvent, or an 
45 alkali metal borohydride, for example, sodium borohydride in an aqueous-organic 45 

medium or in an alcoholic solution. 

The reaction produce of formula lb may be worked up in usual manner and 
purified by chromatography. The compounds obtained thus are epimers with 
respect to the 9-position, and may be used directly or may be separated according 
50 to one of the usual separation methods for stereo-isomers, for example, with the 50 

aid of thin-layer-chromatography. When a racemic compound of the general 
formula la is used as the starting material, a racemic compound (with respect to 
the 8 and 12-position) of the general formula lb is obtained. The antipodes may be 
separated after the formation of salt with an optical base. 
55 A free acid of formula I may be converted into a salt, preferably a 55 

physiologically tolerable salt, according to methods known per se. Suitable salts 
are, for example, alkali metal salts and triethanolammonium or benzylammonium 
salts. 

Compounds of the general formula I are optionally racemic prostenoic acids. 
50 (The nomenclature can be referred to inter alia in N. Andersen, Annals of the New 60 

York Academy of Sciences, Volume 180, Prostaglandins, page 14). 

In addition to those compounds named in the Examples, the following 
compounds are preferred: 
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List A 



9/ 15*-dihvdroxv-6-methyl-3-oxa-5-d^-13-rrflrtJ-prostadienoic acid 

6 6-dtethyl-l 5 a -hydroxy-9-oxo-l 3-*m/*-prostenoic acid 
9> 15a-dihydroxy-4,4-dimethyl-13-/ranj-prostenoic acid 

spasmogenic ^Jivrty CHj . group is int roudced into hydroxy-9-oxo-13- f ra«5- 
For example wnen a 3 | y 5-positions (Samples 4, 5, 6 and 7), the 
is'li^^nLl 2-methjg compound, but mcreases 
P ^!^^ -id (Example. 4) shows 

good s^aXenk aTtivit^. a blood-pressure ^W^g/^' 8 ^good 
compared with 15«-hy(iroxy-9-oxo-13-*«w«-prostenoic acid, and a gooo 

br0n S°e d activity was determined in the following tests: 
Effect on smooth muscle (isolated rat ^omach accordmg t0 

The test waSn^ 
220 g T T^e 8 Sals^Sed by a blow on the neck the ,stomac [jgJJ-gr 

after the addition of the substance to be examined. The 

d ° S ^°l Present as ^^SSA^^L-^ ^ ™ 

ted to their final concentration with phosphate butter [pn - 



diluted 



Test or inravenously .dministe-ed ^""rJair^"™'^' 

Exec., * to «i«v a a c ss;?s s. l sr£Sf«. '•^rsrss 

administered in a volume of 0.1 ml comoelled to breathe air which is 

graphically or by means of regression analysis. 

Test for the effect on the blood circulation 
The hypotensJfpSertes were <™^*jgfij%* ^ *" **** 
described by Kannegiesser and Lee, Nature 229, 498 (1971). 
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The compounds of the general formula lb have a 8^.5^^^"^' 
for example the ED 50 in the isolated rat stomach for rac 9? 9 15or-dihydroxy-3-oxa- 
5-r/*a/w-13-r/-a/w-prostadienoic acid (Example 25 A) is 3.1 /zg/mL 

The pharmaceutical^ suable earner ij be a polymer c . 
25 SSSS teS^^2SU5-.?-»t. can be used, and the preparation 

• MUMS " 

EXAMPLE 1. 

rac l5a-Hydroxy-9-oxo-l,5-inter-p-phenylene-2,3,4-tnnor- 
13-trans-prostenoic acid 
a rac ethyl 10-ethoxycarbonyl-9-oxo-15a-tetrahydropyran-2 -yloxy- 

16 g (3.5 mmoles , of ethy ^gg^ffl^^J^^^ P ^ . ■ 
propyl] - 2 - oxo - 5 - 13 -(2 jJJJJg solution of sodium ethoxide in 
pentanecarboxylate and 4.15 ml oi M ™>"7„ s ~i n . bat h temperature). The 

900 ml cyclohexanc/ethyl acetateAriethylamine 53 
FractionfofS ml were taken off. From fractions 52 to 130 870 mg of oily 

b rac 15 ff -Hydroxy-9-oxo-l,5-i>Uer-p-phenylene-2,3,4-trinor- 

13-trans-prostenoic acid , , 

710 mg (1.3 mmoles) of rac. et£l lO-ethoxycarbonyl^oxo-lSa-tetrahydro. 



40 



45 



50 
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pyran-2'-yloxy- 1 ,5wnter-/?-phenylene-2,3,4-trinor- 1 3-rra/w-prostenoate were heated 
in 20 ml methanol and 14 ml 0.6 N sodium hydroxide solution for 6 hours while 
stirring to 60 — 65°C. The methanol was evaporated off on a rotary evaporator 
under reduced pressure and the remaining aqueous solution was washed twice 
5 with ether and then saturated with NaCl. The product was triturated with ether 5 

and the resulting solution was acidified with hydrochloric acid while cooling and 
stirring to pH 1 to 2. The aqueous phase was again extracted three times with ether, 
the combined organic phases were washed once with water and dried over 
anhydrous Na 2 S0 4 . After evaporating off the ether, 620 mg of oily material were 

10 obtained which were heated with 7 ml of ethanol and 5 ml of 2% aqueous oxalic 10 

acid for 1 hour to 60 — 65°C. After evaporating off the ethanol under reduced 
pressure the material was distributed between ether and water, and, after drying 
over MgS0 4 , the organic phase was evaporated. The oily residue was 
chromatographed on 40 g of silica gel (Merck, 70 — 230 mesh ASTM) with 

15 cyclohexane/ethyl acetate/glacial acetic acid 60:40:1, fractions of 4 ml being 15 

collected. Fractions 57 to 76 yielded 260 mg of crystalline product after 
evaporation, m.p.: 110 — 113°C. 

Rf a 0.29 (cyclohexane/ethyl acetate/glacial acetic acid 40:60:1) 

NMR: 7.65 ppm (4H, quadruplet), 6.85 ppm (2H, 5.6 ppm (2H) 4.1 ppm (1H). 

20 EXAMPLE 2. 20 

rac. 15or-Hydroxy-3-methyl-9-oxo-4,5,6-trinor-13-rm/w-prostenoic acid 
a. rac. ethyl 10-ethoxycarbonyl-3-methyl-9-oxo-15a-tetra- 
hydropyranyloxy^,5,6-trinor-13-r/-a/M , -prostenoate 
2.5 g (5 mmoles) of ethyl (5i?5',3"57?)-l-(3 , -ethoxycarbonyl-2'-methylpropyl)- 
25 2 - oxo - 5 - [3" - (2"' - tetrahydropyranyloxy) - trans - 1 " - octenyl] - cyclopentane- 25 

carboxylate were heated in 5.8 ml of 0.93 N sodium ethoxide solution in absolute 
ethanol (5.4 mmoles) for 6 hours to 80° C and after the addition of 25 ml absolute 
toluene the solvent was distilled off up at temperatures to the boiling point of 
110°C (normal pressure). The solution was cooled to 0°C, 10 ml of 25% sodium 
30 dihydrogenphosphate solution and 20 ml of ice-cold, saturated sodium chloride 30 

solution were added, and the solution was shaken four times with 100 ml of diethyl 
ether. The combined ether extracts were washed three times with 20 ml of H 2 0, 
dried over Na 2 S0 4 , and the solvent was distilled off under reduced pressure. The' 
residue was chromatographed on silica gel (Merck, height of the column filling 22 
35 cm, diameter 3.2 cm) and eluted with the following solvent mixtures dividing it into 35 

310 fractions: 



Solvent Fractions 

750 ml cyclohexane/ethyl acetate/ 1 — 75 1 6 mg 

triethyl amine 76 — 130 60 mg 

40 95:5:1 131—159 184 mg 40 

750 ml cyclohexane/ethyl acetate/ 160 — 310 1264 mg 

triethyl amine 

90:10:1 

300 ml ethyl acetate — 584 mg 

45 300 ml methanol — 354 mg 45 

The fractions 131 to 159 contained 184 mg of slightly contaminated rac. ethyl 
10-ethoxycarbonyl-3-methyI-9-oxa-15af-tetrahydropyran-2'-yloxy - 4,5,6 -trinor-13- 
fra/zs-prostenoate and the fractions 160 to 310 1264 mg of pure product. 

b. rac. 3-Methyl-9-oxo-15*-tetrahydropyran-2'-yloxy^ f 5,6-trinor^ 
50 13-trans-prostenoic acid 50 

1.26 g of the above ester were stirred in 20 ml of methanol with 5.1 ml of 1 N 
NaOH for 48 hours at room temperature and for 5 hours at 50°C under argon, the 
solvent was distilled off under reduced pressure, 20 ml of saturated NaCl-solution, 
were added to the residue, the resulting mixture was acidified with 2 N HC1 to pH 
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and the solvent was evaporated ott under reauceu H 

The residue obtained in E , x ^\ 2 n b u ^ t h |occ and then the methanol was 
solution in 30 ml of methanol ^ 2 h ours »™ ^ was extr acted three 

distilled off under reduced pressure. The ^^W^ ^"^ were washed twice 



Fractions 


1 to 160 


56 mg 


161 to 220 


60 mg 


221 to 245 


320 mg 


246 to 255 


134 mg 


256 to 350 


303 mg 



2.2 cm) 

Solvent 

15 _ ~ 750 ml cyclohexane/ethyl acetate/ 

glacial acetic acid 
66:33:1 



500 ml of cyclohexane/ethyl 
2 0 acetate/glacial acetic acid 

59:40; 1 ■_ 
300 ml methanol 

^^^^^^^^^ 

25 256 3K! geT p?atl?MltW P clot?ane/ethyl acetate/glacial acetic acid 

60:4 °^RhiCDCl 3 singulet 7.55 PP m(2H) 



42 mg 



multiplet 5.4—5.6 ppm (2H) 

multiplet 4-4.15 ppm (1H) 



10 



15 



20 



25 



30 



35 



40 



rac. 15«-Hydroxy-3-o^^^^ 
1.76 g (3.5 mmoles) of <«5 £ ' 1 Sny1oxy)-^-l"-octenyl]-cyclo- 
2'-hexenyl) - 2 - oxo - 5 - [3 - (2 " ^^Kwfth 3.6 ml (3.6 mmoles) of freshly 
35 pentanecarboxylate were heated undei -argon iw« v luti cooled to 

35 prepared sodium ethoxide .solution ^HJJ^Sfig, & c solu tion was shaken with 

0°C, 20 ml of ice-cold NaltfOHMmmwn^ , conC entrated. 1.8 g of light 
500 ml of diethyl ether, ™^£*JT££^£i6 ml of methanol and stirred 
coloured oil were obtained, which was °«soivea in i ^ solution was 

40 with 16 ml of 0.6 ^^^J^JSSSPSSvStto P H 2, extracted 

40 concentrated ^^..^ u ^ h f^^J^Stnta. dried and concentrated. 1.6 g 

with 2 x 200 ml of diethyl ether, was ^f,^„ n Her reflux in 30 ml of benzene for 1 
of a yellow oil that had formed w«* ^*Sd>S^« Sd the residue was 

hour. The benzene was distilled ™™astnmsttj solution for 6 4 $ 

45 dissolved in 25 ml of ethanol and ^J^^SiA under reduced pressure. 

45 hours at room temperature. The diethy i ether , an d the ether 

?S?lmrtograph.d in 50 g of silta. gd (Merck). 
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Solvent Fraction 



300 ml of cyclohexane/ethy] acetate/ 
glacial acetic acid 
80:20:1 

300 ml of cyclohexane/ethyl acetate/ 
glacial acetic acid 
70:30:1 

300 ml cyclohexane/ethyl acetate/ 
glacial acetic acid 
60:40:1 ' 



1—240 157mg 



350 ml of cyclohexane/ethyl acetate/ 
glacial acetic acid 

60:40:1 241—400 690 mg 

350 ml of cyclohexane/ethyl acetate/ 
glacial acetic acid 
50:50:1 

350 ml of cyclohexane/ethyl acetate/ 
glacial acetic acid 

50:50:1 401—550 143 mg 

400 ml of methanol 335 m g 

Substance in pure state (fractions 241 — 400): 690 mg — — 

Rf = 0.18 (silica gel, cyclohexane/ethyl acetate 70:35) 

NMR (CDC1 3 ) 6.1 ppm (2H, singulet) 

5.5 — 5.7 ppm (2H, multiplet) 

3.9 — 4.4 ppm (5H, singulet and multiplet) 

EXAMPLE 4. 

rac. 15or-Hydroxy-5-methyl-9-oxo-13-trans-prostenoic acid 
This compound was obtained in a manner a nalogous to that described in 

5* a ?lP,! e 3 > from ethyl ( 5jR ^ 3 "5«).l-(6'-ethoxycarbonyI-3'-methylhexyl).2-oxo.5. 
13 -(2 -tetrahydropyranyloxy)-rnmy-l "-octenyll-cyclopentanecarboxylate. 

Rf = 0.33 (cyclohexane/ethyl acetate/glacial acetic acid 40:60:1) 

NMR: 7.6 ppm (2H), 5.55 ppm (2H), 4.2 ppm (1H) 

EXAMPLE 5. 

rac. 15a-Hydroxy-4-methyl-9-oxo-13-trans-prostenoic acid 
This compound was prepared in an analogous manner to that described in 
Example 3, starting from ethyl (S^S^'^^l^'-ethoxycarbnoyJ^'-methylhexyl)- 
2-oxo-5-[3"-(2' // -tetrahydropyranyloxy>?r£z/iy.l /, -octenyl - cyclopentanecarboxylate 
Rf = 0.31 (cyclohexane/ethyl acetate/glacial acetic acid 40:60:1) 
NMR: 7.2 ppm (2H), 5.6 ppm (2H), 4.2 ppm (1H) 

EXAMPLE 6. 

rac. 15a-Hydroxy-3-methyl-9-oxo-13-trans-prostenoic acid 
The compound was prepared by a process analogous to that described in 
Example 3, starting from ethyl (5y?5,3"5/?)-l-(6'.ethoxycarbonyl-5'.methylhexyI)- 
2-0X0-5-13 - (2 - tetrahydropyranyloxy) - trans - 1" - octenyl] - cyclopentane- 
carboxylate. 

Rf = 0.34 (cyclohexane/ethyl acetate/glacial acetic acid 40:60:1) 
NMR: 6.4 ppm (2H), 5.6 ppm, (2H), 4.15 ppm (1H). 

EXAMPLE 7. 

rac. 15a-Hydroxy-3-methyl-4-oxa-9-oxo-13-/rG«jr-prostenoic acid 
Reactions were effected analogously to those described in Example 3 but 
starting from ethyl (5^5 , ,3"5/?)-l-(6'-ethoxycarbonyl-5'-methyl-4'-oxahexyl)-2- 
oxo-5-[3 ,, -(2'"-tetrahydropyranyloxy)-rra/w-l' l -octenyl]-cyclopentanecarboxylate. 
Rf = 0.1 (silica gel, cyclohexane/ethyl acetate/glacial acetic acid 30:70:1) 
NMR: 6 to 6.1 (2H, singulet), 5.5 to 5.7 ppm (2H, multiplet), 3.6 to 4.4 ppm 
(4H, broad signal). 
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EXAMPLE 8. 

carbo^ylate.^ acetate , methanol 70:35, silica gel) 

NMR: 6.85 ppm (2H, singulet) 

5.7_5.9 ppm (4H, multiplet) 

\ 3 ppm (5H, singulet and multiplet) 



EXAMPLE 9. 

rac l5a-Hydroxy-2-methyl-3-oxa-9«oxo-13-trans-prostenoic acid 
Reactions analog to those described in Example 3 ; were yarned out, 
starts from ethyl (5i?5,3''Si?)-lK6 r -ethoxycarbonyl-5'-oxaheptyi)-2-oxo.5-[3 - 

(2'"Aetra&^ ^70-1 
1 Rf * 0' 13 1 (silica gel, cyclohexane/ethyl acetate/glacial acetic acid 30.70.1 

NMR: 6.4 ppm (2H, singulet) 

5.5—5.7 ppm (2H, multiplet) 
3 4 4.2 ppm (4H, broad signal) 




to that 
carbonyl 



caroonyi-^ -uAa-cwz, -uv^vi V v ~ — - - 

octe$]^ acetate/glacial acetic acid 60:40:1) 

NMR: 6.95 ppm (2H, singulet) 

5.4 — 5.7 ppm (4H, multiplet) 
3.9—4.4 ppm (5H, multiplet) 

EXAMPLE 11. n 
rac. 1 5a-Hydroxy-9-oxo-4,7-mrer-o-phenylene-5,6-dinor-l 3- 
trans-prostenoic acid 




Examt 

benzyL - ^ 

PCnta W i% b 2°6 y (cyciohexane/ethyl acetate/glacial acetic acid 40:60:1) 
NMR: 7.1 ppm (4H), 6.7 ppm (2H), 5.45 ppm (2H). 

EXAMPLE 12. 
rac. 1 5 a -Hydroxy-9-oxo-3,7-iKfer-/7-phenylene-4,5,6-tnnor- 

13-trans-prostenoic acid .,..»- ■ -> 

This compound was prepared analogously to that described m Example 3, 
starting from ethyl (5R5,3''5/?)-l-l4'-(2''-ethoxycarbonylethyl)-benzyl]-2-oxo-5- 

3-T2"''-t^rahydr y opy^ 

Rf = 0.30 (cyclohexane/cthyl acetate/glacial acetic acid 40.60.1) 
NMR: 7.1 PP m (4H), 6.8 ppm (2H), 5.5 ppm (2H), 4.05 ppm (1H). 

EXAMPLE 13. 

rac 1 5<*-Hydroxy-9-oxo- 1 ,7-mter-p-phenylene-2,3,4,5,6-pentanor- 
13-trans-prostenoic acid . 
The reactions carried out were analogous to those described in 3, 
starting from ethyl (5*S,3"S*>-Hf .ethoxycarbonylbenzyl)-2-oxo.5-[3 -(2 - 
tetrah7dropyranyloxy)-frfl/w-l''-octenyll-cyclopentanecarboxyk 

Melting point: 106 to 107°C. Ac*eri\\ 
Rf - 0 30 (cvclohexane/ethyl acetate/glacial acetic acid 40:60.1) 
NMR?7 65 ?pm (4tf, quadruplet), 6.7 ppm (2H), 5.55 ppm (2H), 4.05 ppm 
(1H), 2.97 ppm (2H). 

EXAMPLE 14. 

rac. 15tt-Hydroxy-5-oxa-9-oxo-l,5-iflfer-/>-phenylene-2,3,4-trinor- 
1 3-trans-prostenoic acid 
This compound was prepared by a process analogous to that described in 
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Example 3, starting from ethyl (5^S,3"5'/?)-l-[2'-(4"-ethoxycarboiiylphenoxy)- 
ethyl]-2-oxo-5-[3"' - (2"" - tetrahydropyranyloxy)-rm/2^-l'"-octenyl]-cyclopentane- 
^oxylate. 

Rf = 0.35 (cyclohexane/ethyl acetate/glacial acetic acid 40:60:1) 
NMR: 7.45 ppm (4H, quadruplet), 6.3 ppm (2H), 5.65 ppm (2H), 4.15 ppm ! 



carboxylate. 
r " 
T 

(3H). 



EXAMPLE 15. 

rac. l,7-/nre/--(2,5-furylidene)-15o;-hydroxy-9-oxo-2,3,4,5,6-pentanor- 
13-trans-prostenoic acid 

10 The above compound was prepared by a process analogous to that described 10 

in Example 3, starting from ethyl (5jR5,3"5i?)-l-(5'-ethoxycarbonylfurfuryl)-2-oxo- 
5-[3"-(2'"-tetrahydropyranyloxy)-fraw^r'-octenyll-cyclopentanecarboxylate. 
Rf = 0.13 (silica gel, cyclohexane/ethyl acetate/glacial acetic acid 30:70:1) 
NMR in CDC1 3 : 7.1—7.3 ppm (1H, dublet) 
15 6.5 ppm (2H, singulet) 15 

6.2 ppm (1H, dublet) 
5.5—5.7 ppm (2H, multiplet) 
' A ppm (1H, multiplet). 



EXAMPLE 16. 

20 rac. 9£,15ct-Djhydroxy-3-oxa-5-rrart.s, 13-trans-prostadienoic acids (A and B) 20 

140 mg of rac. 15a-hydroxy-3-oxa-9-oxo-5-*/7v?.y, 13-rra/w-prostadienoic acid 
were dissolved in 20 ml of methanol and during the course of 1.5 hours 3x 150 mg 
of sodium borohydride were added. The reaction solution was adjusted to pH 7 
with glacial acetic acid, the solvent was distilled off under reduced pressure. The 

25 residue was acidified in 10 ml of H 2 0 with 2 N HC1 to pH 1 and was extracted three 25 

times with 100 ml portions of ether. The combined ether extracts were washed 
with water, dried over sodium sulfate and the solvent was distilled off under 
reduced pressure. 

The reaction product (140 mg) was a mixture of two epimers with respect to 
30 the position of the hydroxy groups in 9-position. The epimer (fraction A) which 30 
runs more rapidly over silica gel, was purified was chromatography on 4 g of silica 
gel (Merck). 

Using 200 ml of cyclohexane/ethyl acetate, 1:9 th-re were eluted: 

A) 30 mg Rf = 0.45 (silica gel, ethyl acetate/methanDl 70:35) and using 200 ml 

35 of ethyl acetate/methanol 8:2 35 

B) 44 mg showing two spots in the DC (mixture of both epimers) 
Rf = 0.45 (silica gel, ethyl acetate/methanol 70:35) 

Rf « 0.39. 

NMR of fraction A: 5.5 — 5.8 ppm (4H, multiplet) 
40 4.7 ppm (3H, singulet) 40 

4 — 4.2 ppm (6H, singulet and multiplet) 
NMR of fraction B: 5.5— 5.8 ppm (4H, multiplet) 
5.2 ppm (3H, singulet) 

.1 ppm (6H, singulet and multiplet) 



45 EXAMPLE 17. 45 

rac. 9£, 15or-Dihydroxy-l ,5-/n/er-p-phenylene-2,3,4-trinor- 
13-trans-prostenoic acid 
Reactions were carried out in a manner analogous to those described in 
Example 29, starting from rac. 15a-hydroxy-9-oxo-l,5-//z^r-/?-phenylene-2,3,4- 
50 trinor-13-//ww-prostenoic acid. 50 

Rf-value of the more faster-moving isomer: 0.23 (cyclohexane/ethyl acetate/ 
glacial acetic acid 40:60:1). 

NMR-spectrum: 7.6 ppm (4H, A 2 B 2 -type), 5.5 ppm (2H), 4.4—3.9 ppm (5H). 
Slower isomer m.p. 124 to 126°C. 
55 Rf-value = 0.19 (cyclohexane/ethyl acetate/glacial acetic acid 40:60:1). » 

NMR: 7.6 ppm (4H, A 2 B 2 -type), 5.45 ppm (2H), 4.3—3.7 ppm (5H). 

EXAMPLE 18. 

rac. 9£,15o'-Dihydroxy-3-oxa-5-cis-13-trans-prostadienic acid 
In a manner analogous to that described in Example 29 there were obtained 
60 from 150 mg of rac. 15o--hydroxy-3-oxa-9-oxo-5-c/.s\ 1 3-*ra«s-prostadienoic acid 60 

82 mg of rac. 9£,15ar-dihydroxy-3-oxa-5-a'.y, 13-rrtf/w-prostadienic acid. 



13 
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Rf = 0 43 (silica gel, ethyl acetate/methanol 70:35) 
NMR in CDC1 3 : 5.4-5.7 ppm # (4H, multiple!) 

5 ppm (3H, singulet) 

3.9U-4.3 ppm (6H, singulet and multiplet). 



25 



30 



EXAMPLE 19. . .j * 

rac. 19^5a-Dihyd = 3^ 

was oSe^ 

dien< S = C O d 55 (silica gel, ethyl acetate/methanol 70:35) 10 
NMR in CDCl,: 5.4-5.7 ppm (4H, multiplet) 
5.0 ppm (3H, singulet) 
3.9—4.3 ppm (6H, multiplet) 

EXAMPLE 20. ' . l5 

fexKy^ . 
Carb ffin CDCl,: 6.2 ppm (2H), 5.6 ppm (2H), 5.1 ppm (1H), 4.1 ppm (1H). 20 

EXAMPLE 21. 

25 NMR in CDCl,: 5.5 ppm (5H), 4.2 ppm (2H). 

EXAMPLE 22. A 
rar i5^.Hvdroxv-6-methyl-9-oxol3-trans-prostenoic acid 

Example 3 from ethyl (5RS,j SR )-l-(6 - eUi o^"^?' 1 ^ane^boxylate. 

Example 5. 

EXAMPLE 23. . 
rar i5a:Hvdroxv-4-ethyl-9-oxo-13-trans-prostenoic acid 
This compound wafobYained in a manner analogous to that of Exampl = 3 35 
35 from e thyl(5*S3''S*hH6'^^^ -(2 -tetra 

hyd^yranyloxy^ 40 . 60 . n 
y RT= 0 35 (cyclohcxane/ethyl acetate/glacial acetic acid 40.60.1). 

EXAMPLE 24. 40 

Theabo?e%»^ 

13 NMR in CDO}^ 6-3 ppm (2H), 5.6 ppm (2H), 4.1 ppm (1H). 

EXAMPLE 25. -a 45 

rac 15«-Hydroxy^-ethyl-9-oxo^3-trans-prostenoic acid 
This confound obtained in a manner analogous described in Example 3 
r -tw fSRS" 3''5R->-l-(6'-ethoxycarbonyl-2'-ethylhexyl)-2-oxo-5-[3 -a 

EXAMPLE 26. 

rac l5ar-Hydroxy.9-oxo^oxa-l,4-wrer-o-phenylene-2,3-dinor- 

13-trans-prostenoic acid , . 



55 



55 
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oxo - 5 - [3'" - (2"" - tetrahydropyranyloxy) - trans - V" - octenyl] - cyclopentane- 
carboxylate. 

NMR in CDC1 3 : 6.8 — 8.2 ppm (4H, multiplet) 
6.4 ppm (2H, singulet) 
5 5.7 ppm (2H) 

4.2 ppm (3H). 5 

s 

WHAT WE CLAIM IS:— 

1. A compound of the general formula I 

' _ . c// z — {/- K- w-x- coo// 

c 5 , fjf CD 

10 wherein R l and R 2 together represent an oxygen atom or one represents a io 

hydrogen atom and the other represents a hydroxyl group; 

U represents a (CH 2 ) m -group, m being 0 or an integer of from 1 to 5, an 





wherein R 3 and R 4 , which may be identical or different, each represents a 
15 hydrogen atom or an alkyl group having up to 5 carbon atoms, or an 15 




group, 

wherein R 3 and R 4 are as defined above; 

V represents a direct bond, a oxygen atom or a radical of the formula 



JUL 



I 



20 wherein R 5 and R 6 , which may be identical or different, each represents a 20 

hydrogen atom or an alkyl group having up to 5 carbon atoms, 
W represents a direct bond or a radical of the formula 

R 5 
I 

I 

R 6 

wherein R 3 and R 6 , which may be identical or different, each represents a 
25 hydrogen atom or an alkyl group having up to 5 carbon atoms; 25 

X represents a (CH 2 ) ro -group, wherein m is 0 or an integer of from 1 to 5; 
subject to the following provisos: 

(i) when LT represents a (CH 2 ) m group, V, W and X together do not represent a 
straight-chain alkylene group, an alkylene group in which the carbon atoms 

30 adjacent to the carboxyl group (position 2) is substituted by one alkyl group, or an 30 

alkylene group in which the carbon atom in position 3 is substituted by two alkyl 
groups, 

(ii) when U represents a (CH 2 ) m group and V and W both represent direct 
bonds, X does not represent a (CH 2 ) m group in which m is 0, 

35 (iii) when U represents a (CH 2 ) m group and V represents an oxygen atom, W 35 
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and X together do not represent a methylene group, or a trimethylene group which 
may be substituted by one alkyl group, and 
(iv) when U represents the group 

R 3 R 4 
_C=C 

in which R 3 and K" both represent hydrogen atoms, V, W and X together do not 
repent an tlkylene group having up\o 10 carbon atoms with 1 to 5 carbon atoms 
in the chain between the carboxyl group and the 

R 3 R* 
II 

— C=C— group. 

2 A compound as claimed in claim 1, wherein U represents a polymethylene 
chain having up to 3 methylene groups or represents a 

R 3 R* 
I I 

or — C=C— group 

wherein R 3 and R«, which may the same or different each "P™^""^ 
croup having up to 3 carbon atoms, the radical V, W and X together torm a 
branched alkylene radical having up to 10 carbon atoms, an oxa-branched 
i <, alkvlene radial having up to 9 cfrbon atoms, or an oxa-straight chain alkylene 15 
15 radical having up to 6 g ca?bon atoms, and R 1 and R 3 are defined as in claim 1. 

3 15 a -Hydroxy-3-oxa-9-oxo-5-/ro™, 13-f/ww-prostadienoic acid. 
4" 15a-Hydroxy-3-oxa-9-oxo-5-ci5, 13-ira/zs-prostadienoic acid. 

5' l5a-Hydroxy-5-methyl-9-oxo-13-frfl«j-prostenoic acid, 
on 6 l5/v-hvdroxv-6-methyI-9-oxo-13-«ra«J-prostenoic acid. ^ 

20 7 A compound as claimed in Claim 1 and which is named in List A or m any 

one of the Examples herein, with the exception of the compounds claimed in 

Claims 3 to^6 com pound as claimed in any one of Claims 1 to 7 
25 9. A physiologically tolerable salt of a compound as claimed in any one of 25 

Cla "l 1 0. 1 A tC pr 7 ocess for the manufacture of a compound as claimed in Claim 1, 

WhiC a) reSgln alkali metal alkoxide with a compound of the general formula II 

30 L— K^^Cs^ (II) 30 

wherein U, V, W and X are defined as in Claim 1 and 

R 3 represents an alkyl group having up to 5 carbon atoms, 
R 8 represents an alkyl group having up to 5 carbon atoms, _ 
R' represents an unsubstituted or substituted alkyl group having up to 20 
« carbon atoms, an aryl radical, or a cycloalkyl radical having from 5 to 8 carbon 35 

35 atoms wherein a CH.-group may be replaced by an oxygen atom, and subjecting 

the reaction product of the general formula III 

o 

ffOzC—f^r-eHz-O-V-W-X-COOK 8 (IH) 
1 K^^CsMn 

/? 9 o 
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wherein the radicals R\ R 8 and R 9 and U, V, W and X are defined as in the formula 
II, to alkaline hydrolysis, decarboxylation and removal of the protective group 
from the 15-position in the presence of an acid catalyst, whereupon a compound of 
the general formula la 



10 




'CsH s (la) 

HO'' 

wherein U, V, W and X are defined as in Claim 1, or a salt thereof is obtained; and, 
if desired, 

b) reducing a compound of the general formula la with a complex metal 
hydride to give a compound of the general formula lb 

x 

1 KJ^CS#J7 V 

ho'' 
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wherein the 9-hydroxy group may be in the <*- or ^-configuration and U, V, W and 
X are defined as in Claim 1; and if desired, 

c) converting a resulting salt into the free acids or a resulting salt into the free 
acid or another salt. 

15 1 1. A process as claimed in Claim 10, conducted substantially as described in 15 

any one of the Examples herein. 

12. A compound as claimed in any one of Claims 1 to 9, whenever produced 
* by a process as claimed in Claim 10. 

13. A pharmaceutical preparation which comprises a compound as claimed in 

20 any one of Claims 1 to 7 or Claim 9 in admixture or conjunction with a 20 

pharmaceutical^ suitable carrier. 

14. A pharmaceutical preparation as claimed in Claim 13, in the form of an 
aqueous suspension or solution. 

15. A pharmaceutical preparation as claimed in Claim 13, wherein the carrier 

25 is a polymer carrier. 25 

16. A pharmaceutical preparation as claimed in Claim 15, wherein the 
polymer carrier is polyvinyl pyrrolidone. 

17. A pharmaceutical preparation as claimed in Claim 13, in the form of an 
aerosol. 

3Q 18. A pharmaceutical preparation as claimed in Claim 13, in a form suitable 30 

for administration by injection or infusion. 

19. A pharmaceutical preparation as claimed in Claim 13, in a form suitable 
for oral or rectal administration. 

20. A pharmaceutical preparation as claimed in Claim 18 or Claim 19, in unit 

35 dosage form. 35 

21. A pharmaceutical preparation as claimed in Claim 20, which comprises 
from 1 mg to 10 mg of the compound or salt thereof per unit dose. 

22. A pharmaceutical preparation as claimed in Claim 13, in a form suitable 
for topical administration. 

40 23. A pharmaceutical preparation as claimed in any one of Claims 13 to 22, 40 

which also comprises one or more other pharmacologically active substances. 

24. A pharmaceutical preparation as claimed in Claim 23, wherein the other 
pharmacologically active substance(s) is or are selected from diretic, hypotensive 
and antiasthmatic agents. 

ABEL & IMRAY, 
Chartered Patent Agents, 
Northumberland House, 
303—306 High Holborn, 
London, WC1V 7LH. 
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